background: No questionnaire is currently available for the presurgical diagnosis of adnexal torsion (AT). Our objective was to develop a predictive model for AT, based on the Self Assessment Questionnaire for Gynecologic Emergencies (SAQ-GE) designed for triaging women with acute pelvic pain. results: Five criteria were independently associated with AT confirmed by surgery: unilateral lumbar or abdominal pain [adjusted diagnostic odds ratio (aDOR), 23.3; 95% confidence interval (95% CI), 3.0-178]; absence of leucorrhea and metrorrhagia (aDOR, 7.0; 95% CI, 2.5 -20), ovarian pain (aDOR, 5.5; 95% CI, 1.5 -21), unbearable pain (aDOR, 5.0; 95% CI, 1.4 -18) and vomiting (aDOR, 3.7; 95% CI, 1.6-9.0). The SAQ-GE torsion score was based on these five criteria and its values range from 0 to 10. The low-risk group (SAQ-GE torsion score ,7), based on the score values, has a sensitivity (Se) of 96.7% (95% CI, 90.5 -100), a negative predictive value of 99.7% (95% CI, 99.1 -100) and a negative likelihood ratio (Lr2) of 0.05, ruling out AT with a probability of AT of 0.3% (95% CI, 0.0 -0.9). Cross-validation of the model was performed using the jackknife resampling procedure, retrieving an unbiased Se of 87.1 (95% CI, 75.1 -99.1) and a specificity of 74.2% (95% CI, 70.2 -78.2).
Introduction
Acute pelvic pain in women is the leading reason for emergency visits to gynecology or emergency department (EDs) (Kontoravdis et al., 1996) . In these patients, diagnosing adnexal torsion (AT) is a clinical dilemma. AT is suspected preoperatively in only 23-66% of the cases of AT, while on the other hand, half of the patients undergoing surgery for a suspicion of AT have a different disease diagnosed during the surgical procedure . Delayed diagnosis of AT can lead to adnexal loss by necrosis (Bayer and Wiskind, 1994) , life-threatening events due to thrombophlebitis or peritonitis (Nichols and Julian, 1985) , and even death in childhood (Havlik and Nolte, 2002; Fitzhugh et al., 2008) if surgery is not performed in time.
Triage is a major issue in the ED and is necessary to identify which patients should be given priority care in a crowded ED, in order to reduce excessive delay before treatment for patients who need to be treated as quickly as possible (Elshove-Bolk et al., 2007) . Triage scales have already been developed (Farrohknia et al., 2011) , mainly based on patients' vital signs. Questioning is not usually used for triaging patients suffering from acute pelvic pain, and the literature focuses on sophisticated tests (Singh et al., 2009) . Scores for diagnosing the origin of abdominal pain using the patient's history associated with physical examination and complementary tests have already been developed (Alvarado, 1986; Samuel, 2002) and the patient's history has also been suggested as contributing partially to the diagnosis of AT by the physician . However, items of history taking in these scores are collected by the physician, are liable to be misinterpreted and are not based on a standardized questionnaire directly comprehensible for patients. Our team has developed a standardized questionnaire of this kind dedicated to gynecologic emergencies, which has proven its usefulness for tubal rupture in ectopic pregnancy (Huchon et al., 2012) .
This prospective study was designed to construct a prediction rule to rule out AT among patients experiencing acute pelvic pain, by standardized and fine analysis of the painful semiology using this Self Assessment Questionnaire dedicated to Gynecologic Emergencies (SAQ-GE).
Materials and Methods

Self Assessment Questionnaire for Gynecologic Emergencies
Our team has developed a SAQ-GE (Huchon et al., 2012) . The SAQ-GE is an 89-item questionnaire divided into six themes: (i) qualitative description of pain, (ii) intensity of pain, (iii) location and (iv) evolution of pain, (v) vaginal bleeding and (vi) associated signs.
This SAQ-GE was constructed using semi-structured interviews in 2003 with 39 patients at the Poissy-Saint Germain en Laye Hospital, who were subsequently diagnosed with gynecologic emergencies, including 5 AT (Huchon et al., 2012 ). An adaptation of Colaizzi's method (Colaizzi, 1978) was used for a qualitative assessment of the semi-structured interview.
The SAQ-GE was finally built with items identified from the semistructured interviews and that were: (i) often associated with potentially life-threatening gynecologic emergencies; and/or (ii) specific of potentially life-threatening gynecologic emergencies; and/or (iii) given high ratings by French experts identified by searching Medline for publications on gynecologic emergencies. To make the questionnaire easy to understand by the patients, we worded the items using the phrases and sentences collected from the semi-structured interviews.
Derivation of the SAQ-GE torsion score
Participants
From September 2006 to April 2008, we asked all patients presenting at the study-center's gynecologic EDs for acute pelvic pain to complete the SAQ-GE on a voluntary basis. In France, the diagnosis of acute pelvic pain may take place in general EDs, followed by referral to a gynecologic ED, or directly in gynecologic EDs to which all patients have free access. So, all patients presenting gynecologic emergencies are seen in gynecologic EDs.
The patients were enrolled at five gynecology departments in the Greater Paris metropolitan region, France. Four departments were in teaching hospitals (Poissy-Saint Germain en Laye, Créteil, Port-Royal and Louis Mourier) and one was in a general hospital (Versailles). All these gynecologic EDs have a resident and a senior gynecologist on duty 24 h a day with night and day access to ultrasonography and operative rooms. They also have appropriate written pain management guidelines and a specific interest in gynecologic emergencies.
The SAQ-GE was completed by patients themselves after appropriate initial pain management and before any surgery. The nurses then collected the completed questionnaires.
Exclusion criteria were a history of chronic pelvic pain, neurologic or psychiatric disease, hemodynamic instability and no knowledge of French. Patients with a verbal numeric pain rating scale (NRS) ,4 on an 11-point rating scale and with bartholinitis were excluded from the study.
The study was approved by the French Department of Higher Education and Research (no. 06.336) and by the French National Committee of Information Technology and Individual Liberties (no. 906253).
Diagnosis of AT
The reference standard for the diagnosis of AT was the laparoscopic diagnosis. AT was defined as the twisting of the adnexa, ovary or tube alone by at least one complete turn, around a center-line consisting of the infundibulopelvic ligament and tubo-ovarian ligament.
Patients who did not have a laparoscopy were classed as not having AT. Diagnoses of other diseases were obtained by the various investigations performed in EDs or during hospitalization: clinical examination and/or ultrasonography and/or computed tomographic scan. Some diagnoses were made by surgery: laparoscopy, dilatation and curettage or diagnostic hysteroscopy. Ectopic pregnancy was diagnosed by either surgery or an algorithm (Mol et al., 1999) . Diagnosis of pelvic infectious disease was also made by surgery, if needed, or by a non-invasive prediction rule (Kahn et al., 1991) . Uncertain initial diagnoses not requiring immediate emergency care, such as early pregnancy of uncertain location, were reconvened in the early pregnancy clinic until diagnostic certainty (Bignardi et al., 2010) . When a patient was discharged from a gynecologic ED, she was advised to refer again if the pain continued or started again.
Statistical methods
The required sample size was estimated as follows. Based on the appropriate selection of several items of the SAQ-GE, we expected to be able to derive a prediction rule for preoperative AT screening. To rule out AT, our analysis had to focus on sensitivity (Se) (Loong, 2003) . To be of clinical interest, the rule has to achieve at least 95% Se (Jaeschke et al., 1994) . Inversely, we would conclude that the questionnaire is inefficient if we were not able to derive any model with a Se over 80%. On a pragmatic basis, type III errors (Schwartz and Lellouch, 2009) were taken into consideration in order to determine the required sample size. The first type III error is defined here as the probability that the observed Se exceeds 95% while the true Se is equal or below 80%. The second type III error is defined as the probability that the observed Se is below 80% while the true Se is equal or above 95%. If the observed Se for the diagnosis of AT by the SAQ-GE is between 80 and 95%, further investigations would be necessary to assess its exact value for the preoperative diagnosis of AT. Based on the binomial distribution, we calculated that the inclusion of 30 patients with AT would guarantee that both type III errors are below 0.025 (one-sided).
The prediction rule was derived as follows: first we compared the patients with and without AT according to their answers to questionnaire items, using Pearson's x 2 test or Fisher's exact test. For each variable that was significantly associated with AT at a threshold of P , 0.05, we computed Se, specificity (Sp), positive likelihood ratio (Lr+), negative likelihood ratio (Lr2) and crude diagnostic odds ratio. We then used multiple logistic regression analysis to select the best combination of variables for predicting AT among variables with P-values below 0.05 in the bivariate analyses. We identified the best combinations of variables independently associated with AT at a threshold of P , 0.05. Adjusted diagnostic odds ratios (aDOR) were computed with their 95% confidence intervals (95% CI).
Finally, the SAQ-GE torsion score was based on items found to be significant by multivariate analysis. Missing data were considered as absent. The number of torsion score points contributed by each score item was obtained by rounding up the b coefficients of the logistic regression to generate a simple scale. The area under the receiver operating characteristic curve (ROC-AUC) of the SAQ-GE torsion score was then compared with the ROC-AUC of the logistic regression to check that the two values were not significantly different. The probability of AT, Se, Sp, Lr+, Lr2, positive predictive value (PPV) and negative predictive value (NPV) were calculated for different SAQ-GE torsion score values. Risk groups for AT were then constructed by cut-offs for the SAQ-GE torsion score, selected using the ROC curve, in order to maximize classification rates using the expected value of Se . 95%. Diagnostic values (Se, Sp, Lr+, Lr2, PPV and NPV) were also computed for non-pregnant patients.
The predictive ability of the derived model was then tested by crossvalidation using the jackknife procedure (Efron and Gong, 1983 ). This method is especially useful for estimating the unbiased diagnostic performance of a model when no external validation population exists. The method was applied as follow: (i) the study population (N) was randomly stratified into 10 equivalent subgroups of N/10 (+1) women; (ii) for each subgroup (i), a new prediction model (M i ) was constructed with the entire study sample except those in subgroup (i); (iii) model M i was then used to predict the outcome of the women omitted in constructing it. These steps were repeated for each subgroup.
Analyses were carried out using Stata w version 11.0 (Stata Corp., College Station, TX, USA.).
Results
During the study period, 574 patients completed the SAQ-GE. Of these, 78 were excluded from the study, leaving 496 patients with 31 AT for analysis (Fig. 1) . Their mean age was 32.0 years (+8.2). Among the 496 patients included, 230 patients had a negative pregnancy test, including 26 with AT.
The diagnostic performance characteristics of the SAQ-GE items associated with AT in the bivariate analysis are shown in Table I .
By multiple logistic regression analysis, five variables independently predicted the diagnosis of AT: 'unilateral lumbar or abdominal pain', 'absence of leucorrhea and metrorrhagia', 'ovarian pain', 'unbearable pain' and 'vomiting'. aDOR with their 95% CI are reported in Table II . The ROC-AUC was 0.93 (95% CI, 0.89 -0.97). For a 0.05 threshold of predicted probability of AT by the logistic regression model, Se was 96.7% (95% CI, 90.5 -100) and Sp 70.5% (95% CI, 66.4 -74.7).
The SAQ-GE torsion score was given by the following equation: score ¼ unilateral abdominal or lumbar pain × 3 + absence of leucorrhea and metrorrhagia × 2 + ovarian pain × 2 + unbearable pain × 2 + vomiting × 1. The probability of AT can be estimated using an appropriate logistic transformation: P ¼ 1/[1 + exp(0.98 × score 2 9.81)]. The score ROC curve is shown in Fig. 2 . The rounded coefficients constituting the score are given in Table III . Loss of fit due to coefficient rounding was weak (ROC-AUC, 0.92; 95% CI, 0.88 -0.95) and the ROC-AUC of the score was not significantly different from the ROC-AUC of the initial logistic regression model (P ¼ 0.09).
The low-risk group comprised patients with SAQ-GE torsion scores ≤6, for whom the probability of AT was 0.3% (1/328; 95% CI, 0.0 -0.9; Table III ). With a cut-off value of 6, Se was 96.8% (95% CI, 90.5 -100), NPV 99.7% (95% CI; 99.1 -100) and Lr2 0.05. In non-pregnant patients, Se was 96.2% (95% CI, 88.6 -100), Lr2 was 0.06, NPV was 99.3% (95% CI, 97.8 -100) and the probability of AT was 0.7% (1/136; 95% CI, 0-1.2).
The high-risk group comprised patients with an SAQ-GE torsion score ¼ 10, for whom the probability of AT (PPV) was 52.2% (12/ 23; 95% CI, 31.7 -72.6; Table III) . A cut-off value of 9 produced high Sp (97.7%, 95% CI, 96.3 -99.0) and Lr+ (16.8) values. In nonpregnant patients, Sp was 96.6% (95% CI, 94.1 -99.1), Lr+ was Figure 1 Flow chart for enrollment into SAQ-GE AT scale development study. SAQ-GE adnexal torsion score 11.3 and the probability of AT (PPV) was 58.8% (10/17; 95% CI, 35.1 -82.6).
Cross-validation of the model using the jackknife procedure showed that the logistic model was stable, retrieving the selected model as the best in 8 iterations out of 10. The jackknife resampling procedure retrieved an unbiased Se of 87.1% (95% CI, 75.1 -99.1) and a Sp of 74.2% (95% CI, 70.2 -78.2).
Discussion
We have developed here the first clinical prediction model for diagnosing AT among patients with acute pelvic pain, entirely based on a self-assessment questionnaire. Five simple Yes or No items predicted AT, namely: unilateral lumbar or abdominal pain, absence of leucorrhea and metrorrhagia, ovarian pain, unbearable pain and vomiting. The combination of these items into a score gave rise to a clinical decision rule with an Se of 96.7%, an NPV of 99.7% and an Lr2 of 0.05, corresponding to the desired level and proving that the SAQ-GE is useful for easy triage of women consulting with acute pelvic pain. These results are stable in non-pregnant patients. The strength of our study lies in the original design for creation of a standardized questionnaire based on the subjective perception of pain in patients presenting acute pelvic pain rather than on physicians' perceptions of symptoms using history taking. Colaizzi's method was chosen because it relies on a phenomenological approach. This approach is free of theoretical preconceptions and is particularly well suited to medical situations, as the items selected in the questionnaire represent the patient's subjectivity through an open interview (Colaizzi, 1978) . The prospective multicentric inclusion of more than 500 patients presenting acute pelvic pain and who filled out the standardized questionnaire is another strong point of this study.
Our study has several limitations. First, we might have missed patients who had AT but did not undergo surgery, but we believe that the risk of missing a surgical emergency among patients who leave the gynecologic ED without undergoing laparoscopy is very low. Patients with undiagnosed AT would experience severe complications and persistent severe pain due to adnexal necrosis (Mazouni et al., 2005) and would have eventually come back to our gynecologic EDs. These serve a vast geographic area, and the 6.2% rate of AT in our population is in the expected range . Excluding patients with a verbal NRS of ,4 could also have increased the risk of missing patients with AT. However, no excluded patients with an NRS of ,4 experienced AT and it seemed reasonable to exclude patients with relatively little pain, because triaging for AT is not challenging in these patients .
Lastly, we performed no cross-validation studies on independent samples. There is accordingly a risk that we overfitted the data when we developed the prediction model (Altman and Royston, 2000) . To safeguard against overfitting, we used jackknife crossvalidation to test for instability of the model. This method is known to yield results nearly similar to those obtained by testing the model in an independent population (Efron and Gong, 1983) . The jackknife resampling procedure retrieved an unbiased Se of 87.1% that is above the lower limit of 80% for efficiency of the questionnaire. Substantial overfitting was also prevented by constructing the SAQ-GE in a preliminary study including different patients and experts.
In a previous retrospective study, a composite score based on anamnesis, clinical examination and ultrasonography was built to predict AT . This 105-point score included the absence of leucorrhea and metrorrhagia, presence of a cyst of more than 5 cm on ultrasonogram, pain duration ,8 h at presentation, vomiting and spontaneous unilateral or abdominal pain. Patients in the low-risk group with this score had a predicted risk of 3.7% (95% CI, 0.0 -7.8) of AT, which is as useful for triage as the predicted risk of 0.3% (95% CI, 0.0-0.9) obtained by the SAQ-GE torsion score ≤6 to rule out AT. Three out of five items of the previous torsion score were based on anamnesis and two are included in the SAQ-GE torsion score: spontaneous unilateral lumbar or abdominal pain and vomiting, while pain lasting ,8 h was significant in bivariate analysis. Missing data for the timing of pain, dropped in the multivariate analysis, could be a limitation of our study, as it might be a meaningful variable for the preoperative diagnosis of AT, as described previously. However, the SAQ-GE torsion score without inclusion of the duration of pain is more efficient for triaging AT than our previous score. In that previous study, the absence of leucorrhea and metrorrhagia was assessed by a gynecologist specialist registrar, unlike the SAQ-GE study which obtained this item from a questionnaire filled out by the patient. The last item of the previous torsion score was the presence of an ovarian cyst .5 cm, requiring an ultrasound scan. Two new items in the SAQ-GE torsion score are the presence of unbearable pain and ovarian pain. Unbearable pain appears to be a qualitative descriptor of the pain, relating to pain intensity and also present in the McGill pain questionnaire, since the pain with AT appears to be severe (Lomano et al., 1970; Melzack, 1975; Nichols and Julian, 1985) . Ovarian pain is an unusual new item, as none of the previous studies on AT focused on the subjective experience of the patients, unlike our study in which the SAQ-GE was constructed using the Colaizzi method (Colaizzi, 1978) . The presence of this item suggests that clinicians need to listen carefully to patients when elaborating a diagnosis. The SAQ-GE torsion score appears more efficient to rule out AT, using simply a standardized questionnaire, than a complete medical consultation with adjunction of ultrasonography.
History taking appears to be a key element of diagnosis. Interpreting the patient's words and translating them in terms of symptoms, i.e. neuroanatomy, help with the diagnosis. The usual problem is the interpretation of history taking. With the SAQ-GE, there is no longer any problem of interpretation. Through the use of good questions, well formulated (by the patients themselves), we have access almost directly to the symptoms of patients with AT.
The SAQ-GE torsion score seems to be very useful for triaging patients for AT in patients with acute pelvic pain. Scores often provide low classification rates but the SAQ-GE torsion score was capable of ruling out AT for 66% of the patients in our population presenting severe pain, at a risk of ,0.5%. Conversely, patients with a score of .6, presenting a 97% Se for diagnosis of AT, are those who need further investigations for the diagnosis of AT, such as ultrasonography or/and laparoscopy . This score seems also useful for the early diagnosis of AT, as two-thirds of the patients presented with a pain dating back ,8 h.
The SAQ-GE torsion score does not need any examination or complementary examination in order to be calculated. It could be applied to patients presenting acute pelvic pain immediately on the admission to general EDs, by non-clinicians. Implementation of this diagnostic SAQ-GE adnexal torsion score method could be generalized by upscaling, useful in crowded EDs. Indeed, the self-administered questionnaire can be filled out manually but with the burgeoning new technologies, alternative methods of filling it out can be considered, using, for example, a host terminal or touch pads. Collection of the SAQ-GE, associated with the collection of other data, would then be instantly processed by a computer and its results would predict patients who belong to a risk group of diseases being studied. Application of the score could rule out AT in patients in the low-risk group, avoiding unnecessary referral to the gynecologic department for suspicion of AT and thus reducing the time taken to make the appropriate diagnosis and treat these patients. On the other hand, suspicion of AT in the high-risk group may improve referral to gynecology and decrease the time before laparoscopy. A larger prospective, international and randomized multicenter study is needed to evaluate the accuracy of the SAQ-GE torsion score compared with other means for diagnosis of AT and to evaluate potential health-care cost savings. Since no experience is needed to assess the SAQ-GE torsion score, it may be suitable for routine triaging of patients for AT at the admission to EDs and could be of potential interest in developing countries.
